Abstract. Columns in frame-tube structures may be damaged easily because of the torsional response, therefore, torsional displacement ratio was defined by national codes for spectrum analysis under frequent earthquake. For analysis of time-history under expected rare earthquakes, different from displacement angle, it isn't essential for the checking of torsional displacement. Numerical simulation indicates that torsional response cannot be embodied by displacement angle in nonlinear time-history analysis. As columns in a frame-tube structure may be damaged earlier than being expected by the transfinite torsional displacement ratio, and then the performance of double fortification lines for earthquake may be decreased, the structural torsional response should be considered together with the displacement angle.
Introduction of torsional displacement ratio
Seismic disasters of both domestic and overseas show that irregularity of building planar, shortage of tortional stiffness and eccentricity of mass and stiffness would lead to much more serious structural damage. Structural tests of vibration table also showed that excessive torsional deformation would make the damage deteriorate, therefore, the parameter named torsional displacement ratio was introduced by national codes, which was defined as δ is the maximum displacement in y direction。 Torsional displacement ratio was defined with the ratio of maximum value to average value of horizontal displacement of those vertical members under specified seismic force. It should better be little than 1.2 and must not greater than 1.4 [1] . Xu's [2] research indicated that the ratio of maximum displacement to minimum value could reach to 3.0 with the relationship of torsional displacement ratio equal to 1.5 and it would increase much more rapidly as the torsional displacement ratio exceeding 1.8. Professor Fang [3] discussed the relationship between torsional displacement ratio and period ratio, which is the other parameter for controlling structural torsional response. Based on the spectrum method proposed by the national codes, professor Qian [4] presented a method based on elastic time-history analysis, Zheng [5] researched the displacement ratio in pushover analysis.
In this paper, torsional displacement ratio was researched for analysis of elastic-plastic time-history with numerical methods, numerical results show that envelops of displacement angle can hardly exhibit the structural torsional response, in order to avoid torsional damage, structural torsion deformation should be analyzed together with displacement angle.
Static analysis
A 32-floor frame-tube structure shown in Fig.2 was analyzed with fortification intensity equal to eight, and the critical columns damaged by torsion were denoted in Fig.2 
(b).
(a) Structural model (b) Model Tor1.07 (c)Model Tor1.27 Fig.2 Model of frame-tube structure To research the influence of torsional displacement on structural performance under expected rare earthquakes, two additional pieces of shear wall were deployed at downside and the shear wall at the top was removed as shown in Fig.2(b) and Fig.2(c) .
Results of mass and natural periods are listed in Tab. show that the displacement angle of model Tor1.27 increased about 2% ， but the torsional displacement ration increased about 20%.
Elastic-plastic time-history
The constitutive relationship of damaged plasticity is used for concrete [7, 8] and the damp ratio is assumed to be 0.05, rebar is assumed as kinematic hardening with damp ratio equal to 0.02. The uniaxial skeleton curve of compression and relative damage curve can be formulated with Eq.2 and Eq.3 respectively: 
The structure was loaded with the seismic wave shown in Fig.2 and the time-history lasted for 20s . Under rare earthquake, displacment angles of model Tor1.07 are much greater than Tor1.27 except the first floor, so it seemed that model Tor1.27 should be more safety, which is quite different with the results of spectrum analysis under frequent earthquake. 2. Maximum and minimum value of horizontal displacement For the first floor with maximum of torsional displacement ratio, horizontal displacement time-histories of both maximum and minimum are shown in Fig.5(a) , time-histories of their difference is also shown in Fig.5(b) . Fig.5 show that the torsional deformation of model Tor1.27 is much more significant than model Tor1.07 especially 15 seconds later. 3. Concrete compression damage As most of the failures for concrete structure are due to material damage, thus the difference of horizontal displacements shown in Fig.5 should be traced to concre compression damage or plastic strain of rebars.
Concrete damage is more important than plastic strain of rebars, therefore, time-histories of concrete compression damage were presented in Fig.6 for those columns denoted in Fig.2 . 
Conclusions
In analysis of elastic-plastic time-history, the maximum displacement angle was used as the critical principle to avoid structural collapse under expected rare earthquakes. Compared with displacement angle, torsional displacement ratio was only defined in spectrum analysis for frequent earthquakes. Researches show that torsional response under expected rare earthquakes may not be embodied by displacement angle, and it may lead to serious damage of some key members and then the structure may be damaged before we expected. For a frame-tube structure, the double fortification lines may even be destroyed，therefore, the structural torsion in rare earthquakes should be considered together with the displacement angle.
